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CHAPTER 1. GENERAL INTRODUCTION 
 
Soybean [Glycine max (L.) Merr.] is a very important crop because of the area 
planted and its value for oil and protein production for human food and livestock feed.  In 
1995, the Midwestern states Iowa, Illinois, Minnesota, Indiana, and Nebraska accounted for 
more than one-half the soybean grain produced in the United States.  Increasing soybean 
grain production and also the concentration of protein, oil, stable isoflavones and other 
quality compounds of grain is needed to increase the economic value of this crop and to 
compete better in the world market.  Soybean grain also contains several other valuable 
components such as vitamins, minerals, and isoflavones.  Isoflavones are a subclass of 
flavonoids that have been recognized to have a significant role in preventing and treating 
some human diseases.  Foods derived from soybean grain have been related to prevention 
of diseases including coronary heart disease and certain types of cancers as well as 
relieving of postmenopausal symptoms.  Isoflavones are produced almost exclusively by the 
members of the leguminosae family.  Twelve isoflavones have been identified in soybean, 
including three aglycones (daidzein, genistein, glycitein), their glycosides (daidzin, genistin 
glycitin), and their corresponding acetyl and malonyl derivatives.  At the plant level, 
isoflavones are involved with root nodulation and N2 fixation and in defense against some 
pests or pathogens. 
The concentrations of isoflavones in soybean grain are affected by several external 
factors such as variety and poorly identified year, location, temperature, soil fertility 
interactions.  The role of soil fertility and mineral nutrition in determining isoflavone 
concentrations is not clear.  Research conducted in Ontario in the early 2000s and more 
recent research conducted in Quebec seemed to indicate that K fertilization of soils testing 
below optimum levels for soybean can result in increased concentrations of K and 
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isoflavones concentration in grain, but effects were inconsistent across sites and soil-test K 
levels.  Potassium is an essential nutrient for plant growth, and one of the three main 
macronutrients together with N and P, and soil testing is an important diagnostic tool to 
assess plant K availability to crops.  Several publications have shown the relationship 
between soil-test K measured by various methods and soybean yield, which have resulted 
in existing soil-test K interpretations and fertilizer recommendations.  Although there is 
abundant information about effects of K fertilization and soil K levels on soybean grain yield, 
information about K fertilization effects on grain K concentration is scarce.  Published 
research shows that K fertilization and soil-test K have significant effects on K concentration 
of vegetative tissue but shows inconsistent results for grain. 
Although the possible role of K nutrition on isoflavones production and accumulation 
in grain is unknown, research to investigate the possible of K fertilization on isoflavone 
concentration of soybean grain and its relationships with grain K concentration could provide 
valuable information to increase the value of soybean production.  Therefore, the objective 
of this study was to assess (1) effects of K fertilization on the concentration of isoflavones 
and K in soybean grain and (2) relationships between soybean grains K concentration, 
isoflavone concentration, and yield. 
 
Dissertation Organization 
This dissertation is presented as one paper suitable for publication in scientific 
journals of the American Society of Agronomy.  The title of the paper is “Relationship 
between concentration of isoflavones in soybean grain and potassium fertilization”.  The 
paper is divided in sections that include abstract, introduction, materials and methods, 
results and discussion, conclusions, references, tables, and figures.  The paper is preceded 
by a general introduction and is followed by a general conclusion. 
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CHAPTER 2.  RELATIONSHIP BETWEEN CONCENTRATION OF 
ISOFLAVONES IN SOYBEAN GRAIN AND POTASSIUM FERTILIZATION 
 
A paper to be submitted to Agronomy Journal 
Mario Valadez-Ramirez and Antonio P. Mallarino 
 
ABSTRACT 
Soybean grain contains isoflavones that may prevent various human diseases.  
Previous studies in Canada found that K fertilization and high grain K concentration can 
result in increased isoflavones concentration in grain, but effects were inconsistent across 
sites and soil-test K (STK) levels.  The objective of this study was to assess (1) effects of K 
fertilization on the concentration of isoflavones and K in soybean grain and (2) relationships 
between soybean grains K concentration, isoflavone concentration, and yield.  The study 
was based on analyses of grain collected from selected treatments and years of six Iowa 
long-term experiments that investigated effects of K fertilization and placement methods on 
soybean yield.  Four experiments evaluated K placement methods for no-till soybean in 
rotation with corn (Zea mays, L.) from 1994 to 2001 at Iowa research farms located near 
Nashua, Kanawha, Lewis, and Sutherland.  Two experiments evaluated broadcast K rates 
from 1976 until 2001at research farms near Ames and Kanawha.  Grain samples were 
collected from two replications of three treatments from 17 site-years.  Treatments selected 
from the placement trials were a control (no K) and 66 kg ha  yr  broadcast or deep-banded 
15-20 cm depth, although at (two sites) Kanawha and Nashua grain also was collected from 
plots receiving 33 kg K ha  yr .  Treatments selected from the other trials were a control 
and 67 or 100 kg K ha  yr .  Soil samples were collected before planting soybean from the 
control plots for STK analyses.  Grain was analyzed for concentration of K and 12 
-1 -1
-1 -1
-1 -1
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isoflavones.  Potassium fertilization did not increase (P ≤ 0.05) grain yield, K concentration, 
or isoflavones concentration at sites where STK was above optimum for soybean.  However, 
it increased grain K concentration and uptake consistently and yield and isoflavones 
concentration less consistently in other sites with STK Low or Optimum for soybean.  On 
average across responsive sites, K fertilization increased K uptake 20%, yield 11%, K 
concentration 10%, and total isoflavones 6%.  Isoflavones response to K was explained by 
response of total daidzein and genistein (total glycitein did not respond).  Relationships 
between STK, concentration of K and isoflavones in grain, and grain yield often were 
positive and significant within sites but seldom across sites.  Potassium fertilization 
increased yield and isoflavones concentrations only when STK was below optimum levels 
for crops but did not increase yield or isoflavones concentrations in high-testing soils.  
Relationships within and across locations indicated that the concentration of isoflavones in 
grain decreased or was unrelated with grain K concentration.  Therefore, grain K 
concentration alone is not a good index of potential effects of K fertilization on isoflavones 
concentration in soybean grain. 
 
INTRODUCTION 
Soybean [Glycine max (L.) Merr.] is a very important annual oil grain crop because of 
the area planted, grain and oil production, and its use in human food and livestock feed.  
Soybean is grown mainly for its protein and oil content even when the grain also contains 
several valuable components such as vitamins and minerals.  Additionally, soybean grain 
contains isoflavones, a subclass of flavonoids that have been recognized to have a 
remarkable role in preventing and treating human chronic diseases (Messina et al. 1994, 
Messina, 1997, Birt et al. 2004, Yu and McGonigle, 2005).  The 2005 production of soybean 
at worldwide and at U.S. levels was 209.97 and 82.8 million Mg respectively (FAOSTAT, 
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2006).  The latter represents 39.4 % of the total soybean produced globally, which in turn, is 
7.1 % below the 46.5 % contributed by the U.S. in 2000.  The U.S. leading states in soybean 
production during 2005 were Iowa (14.5 million Mg), Illinois (12.08 million Mg), Minnesota 
(8.3 million Mg), Indiana (7.2 million Mg) and Nebraska (6.4 million Mg) (USDA/NASS, 
2006).  Together, these states accounted for 57.7 % of the soybean produced at national 
level.  Iowa has lead soybean production with more than 4 million ha planted each year 
since 1997.  In 2005, a record production of 14.49 Mg was worth $ 2.9 billion (USDA/NASS, 
2006). 
Highest soybean grain yield in Iowa and states of the Midwest often corresponds 
with the lowest grain quality when measured by oil or protein levels (Durham, 2003).  The 
importance of soybean grain composition is not limited to the economics of oil or protein 
production for animal feed or human food; it also may play a significant role in human 
health.  Wilson (1997) suggested that work to improve the concentration of protein, oil, 
stable isoflavones and other quality compounds in soybean grain is required to increase the 
economic value of this crop and to compete better in the world market.  Food derived from 
soybean grain frequently is related to the prevention of chronic diseases such as coronary 
heart disease, certain types of cancers, as well as relieving of postmenopausal symptoms.  
Several authors have related these benefits to the isoflavones in soybean grain (Messina et 
al. 1994, Messina, 1997, Yu and McGonigle, 2005).  Additionally, some evidence indicates 
that isoflavones might also affect animal growth.  For example, Cook (1998) observed an 
increase in body weight gain and carcass muscle content in swine fed a diet supplemented 
with isoflavones.  
Isoflavones are produced almost exclusively by the members of the leguminosae 
family.  Coward et al. (1993) suggest that isoflavones are found in a few botanical families 
due to the limited distribution of the enzyme chalcone isomerase (CHI), a precursor of 
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isoflavones in plants.  It is also known that the enzyme isoflavone synthase (IFS) catalyzes 
the first step in the biosynthesis of isoflavones (Jung et al. 2000, Yu and McGonigle, 2005).  
Twelve isoflavones are found in soybean, including three aglycones (daidzein, genistein, 
glycitein), their glycosides (daidzin, genistin glycitin), and their corresponding acetyl and 
malonyl derivatives.  Isoflavones have two main physiological functions in plants.  First, they 
are related with root nodulation and N2 fixation.  At the beginning of the symbiotic 
relationship the plant host releases certain compounds, usually flavonoids, which trigger the 
production and release of a specific compound by the bacteria (nod factor).  When the nod 
factor is detected, the root responds developing the nodule (Pueppke, 1996).  In soybean, 
the compounds that induce the bacterial symbiotic response and nodule formation are the 
isoflavones daidzein and genistein (Kosslak et al. 1987, Schmidt, et al. 1994, Crawford et al. 
2000).  Another physiological function of isoflavone in plants is defense against some pests 
or pathogens.  Wang et al. (1998) found that genistein and other isoflavones deterred 
feeding activity in leaves of Trifolium subterraneum variety SE014 of the red legged earth 
mite (Halotydeus destructor).  In other study, genistein among other isoflavonoid 
compounds showed an inhibitory effect and even a fungicidal effect on the growth and 
development of Phytophtora sojae (Rivera-Vargas et al. 1992).  
Soybean is the species with highest isoflavone concentration; when compared with 
other vegetables, fruits and nuts (Liggins, et al. 2000a, Liggins, et al. 2000b).  In a study 
including 210 soybean varieties from maturity groups 0 to II, Wang et al. (2000) observed a 
range from 1161 to 2743 mg kg-1, although some varieties have been reported to have up to 
3800 mg kg-1 (Wang and Murphy, 1994).  The differences in the concentration of isoflavones 
in soybean grain are affected by several factors such as variety, crop year, location, 
temperature, soil fertility and their interactions.  Wang and Murphy (1994) reported large 
differences in grain isoflavone concentration of several soybean varieties within the same 
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year (2053 to 4216 mg kg-1), crop years (1176 to 3309 mg kg-1) and locations (1176 to 1749 
mg kg-1).  The results showed that variation across years was larger than across locations.  
Research since the early 1980’s suggested that interacting climatic and environmental 
factors, often unknown, contribute to variation in isoflavone concentration in soybean grain 
across years and locations (Elridge et al., 1983; Hoeck et al., 2000; Lee et al., 2002; Seguin 
et al., 2004).  For example, irrigation under dry conditions may potentially double isoflavone 
concentration (Bennett et al. 2004).  High temperatures (38 oC daytime /28 oC nighttime) 
during soybean grain filing decreased isoflavone concentration of cotyledons compared with 
cooler temperatures (Tsukamoto et al.1995).  Caldwell et al. (2005) and Lozovaya et al. 
(2005) found similar temperature effects. 
Soil fertility may be an additional factor affecting soybean grain isoflavone 
concentration.  The role of N supply is not clear.  For example, Kim et al. (2005) reported 
that isoflavone concentration was highest (1383 mg kg-1) under ambient temperatures, high 
CO2 concentration (650 μmol mol-1), and without supplemental N fertilization, and was 
lowest (414 mg kg-1) under 5 oC higher than ambient temperatures and 40 kg ha-1 
supplemental N fertilization, but concluded there was no significant effect of N application.  
On the other hand, some research results seem to indicate that K supply has a more clear 
effect on soybean isoflavone concentrations.  Vyn et al. (2002) conducted an investigation in 
Ontario in which they described effects of K fertilization and placement methods on soybean 
grain isoflavone concentration for various tillage systems.  They observed an increase in 
daidzein, genistein and total isoflavones under both deep band and residual surface K 
application on low-K soils.  No clear responses to K were observed in locations with medium 
to high K levels.  Research in Quebec (Seguin and Zheng, 2006) did not show any 
relationship either, which was explained by relatively high soil fertility levels in the soils used. 
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Potassium is an essential nutrient for plant growth, and one of the three main 
macronutrients together with N and P.  Potassium is present in the soil in water-soluble, 
exchangeable, nonexchangeable, and mineral forms (Martin and Sparks, 1985).  Plants take 
up the water-soluble form of K, which is readily replenished by soil exchangeable K.  Some 
nonexchangeable K can become exchangeable when solution and exchangeable K are 
depleted by plant removal, leaching, or exchange reactions with other cations.  
Redistribution of K among these forms also occurs as K is added to soil as fertilizer, manure, 
or crop residues.  Soil testing is an important diagnostic tool to assess plant K availability to 
crops.  Exchangeable K is considered to be one of the best indices of plant available K 
(McLean and Watson, 1985).  The most widely used soil tests for K in the world estimate 
exchangeable K by extracting soil with the neutral 1 M ammonium-acetate or Mehlich-3 
extractants and provide the basis for K fertilizer recommendations.  The North-Central 
Regional Committee for Soil Testing and Plant Analysis (NCR-13) recommends these tests 
for Iowa and the North Central region (Warncke and Brown, 1998). 
Several publications have shown the relationship between soil-test K (STK) 
measured by various methods and soybean yield (Mallarino et al. 1991; Mallarino and 
Blackmer, 1994; Schindler et al., 2002).  The Iowa STK interpretations and K fertilizer 
recommendations for soybean (Sawyer et al., 2002), as those for most states, are based on 
STK and K removal with harvest and data from recently published (Mallarino, 2002; Borges 
and Mallarino, 2000 and 2003; Mallarino et al., 2004) or unpublished research.  This 
research indicates that soybean yield response is large and very likely when STK measured 
by the ammonium acetate or Mehlich-3 tests (Warncke and Brown, 1998) in samples 
collected to a depth of 15 cm is 130 mg K kg-1 or less, small and less likely when STK is 131 
and 170 mg K kg-1, and unlikely at higher values.  Therefore, current interpretations for both 
corn and soybean recommend maintenance of STK levels between 131 and 170 mg K kg-1 
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by applying K fertilization rates based on estimates of K removal with harvest.  For these 
recommendations the average K concentration in soybean grain is estimated at 12.2 g kg-1 
(Sawyer et al., 2002). 
Potassium fertilization and STK levels can affect the K concentration in soybean 
grain.  Early work (Hanway and Weber, 1971) studied effects of fertilizer application on the 
concentration of the macronutrients N, P, and K in soybean plant parts for various growth 
stages.  Potassium fertilization increased K concentration in all plant parts, including grain.  
A late season decrease in K concentration for all plant parts except grain was attributed to 
translocation of K from other parts to the grain.  However, fertilization effects on grain K 
concentration were the smallest.  The grain concentration was about 17 g K kg-1 during the 
late growth stages and showed little change.  Harper (1971) reported approximately similar 
trends in K uptake and concentrations although this author found no significant differences 
in grain yield with any of the nutrient treatments assessed.  Early soil fertility research 
(Terman, 1977; Coale and Grove, 1991) and recent research (Borges and Mallarino, 2000; 
Borges and Mallarino, 2003; Yin and Vyn, 2002 and 2003) found that K fertilization often 
increases soybean yield and K concentration in vegetative plant parts in low-testing soils.  
However, Yin and Vyn (2002 and 2003) showed that K fertilizer and STK effects on grain K 
concentration were inconsistent across sites, tillage systems, and other management 
practices for reasons that were not identified.  Unpublished Iowa research with corn and 
soybean (Higashi, 1991; A.P. Mallarino, Iowa State University, personal communication) 
also indicated inconsistent and often statistically not significant relationships between K 
concentration in corn or soybean grain and STK or yield, although high K supply increased 
the K concentration of vegetative plant parts consistently.  Data for other species such as 
wheat (Triticum aestivum L.), chickpea (Cicer arietinum L.), and mustard (Brassica sp.) have 
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shown larger and more consistent K fertilization effects on grain K concentrations (between 
12 to 49%) even with K rates of 50 kg ha-1 or lower (Tiwari et al. 1985). 
Potassium uptake can be affected by water availability in the soil because moisture 
deficiency reduces K uptake by limiting both plant water uptake and K diffusion rates in the 
soil (Karlen et al. 1982; Coale and Grove, 1990).  Mallarino et al. (1999) and Borges and 
Mallarino (2000 and 2003) indicated more consistent soybean response to deep-band K 
fertilization than to broadcast K fertilization in years with lower than normal rainfall in late 
spring.  However, these authors and others (Yin and Vyn, 2002 and 2003) reported 
inconsistent relationships between soybean yield responses to deep K placement and STK 
levels or stratification in the soil. 
Research that investigated the role of K fertilization on isoflavone concentration of 
soybean grain and its relationships with grain K concentration and STK remains scarce and 
inconclusive.  Therefore, the objective of this study was to assess (1) effects of K fertilization 
on the concentration of isoflavones and K in soybean grain and (2) relationships between 
soybean grains K concentration, isoflavone concentration, and yield. 
 
MATERIALS AND METHODS 
 
Locations, Years, and Treatments 
This study was based on analyses of soybean grain collected from six long-term field 
experiments conducted in Iowa to investigate K fertilization rates or placement methods 
effects on grain yield of soybean.  Four long-term field experiments with no-till corn-soybean 
rotations were conducted from 1994 to 2001 to study K rates and placement methods at 
Iowa State University research farms located in northeast (near Nashua), northern (near 
Kanawha), northwest (near Sutherland), and southwest (near Lewis) regions of the state.  
 11
The experimental areas included typical Iowa soil series in which corn and soybean 
production predominates.  Soils were Webster (fine-loamy, mixed, superactive, mesic, Typic 
Endoaquolls) at Kanawha, Marshall (fine-silty, mixed, superactive. mesic, Typic Hapludolls) 
at Lewis, Kenyon (fine-loamy, mixed, superactive, mesic, Typic Hapludolls) at Nashua, and 
Galva (fine-silty, mixed, superactive, mesic, Typic Hapludolls) at Sutherland.  The sites had 
been under no-till management for 1 to 5 years.  Both crops were grown each year by 
alternating adjacent site locations having identical treatments and management.  
Treatments and experimental designs were the same in all locations.  Treatments from 
which soybean grain was collected were a control with no K fertilization, two K fertilizer rates 
(33 and 66 kg ha -1 yr-1), and two methods of K application (broadcast and deep band).  
These treatments were randomized into each of three replications according to a complete-
block factorial design. 
Two other long-term trials were conducted from 1976 until 2001 at Kanawha and at 
an experimental farm near Ames (Bruner Farm) to evaluate effects of several initial 
contrasting STK and four broadcast annual K fertilizer rates (0 to 100 kg K ha-1) 
superimposed to the initial-K treatments for corn-soybean rotations managed with chisel-
plow/disk tillage.  The experimental areas at both sites included Nicollet (fine-loamy, mixed, 
superactive, mesic Aquic Hapludolls) and Webster (fine-loamy, mixed, superactive, mesic 
Typic Endoaquolls) soils.  In these experiments corn and soybean crops alternated over 
time.  Soybean grain was collected only from 1998 until 2002.  The treatments were 
randomized into each of five to six replications according to a split-plot complete-block 
design with initial STK levels in large plots and annual K fertilization treatments in subplots. 
Each experimental plot receiving a treatment measured 54 to 108 m2 depending on 
the site.  Granulated commercial KCl fertilizer was broadcast by hand or banded with a 
commercial deep bander adapted to plot research equipped with toolbars and coulters in the 
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previous fall (October or November).  The bands were 25 mm in width and were placed 15-
20 cm below the soil surface using a spacing of 67 cm.  All plots received a high broadcast 
P fertilizer rate to maintain a high soil-test P value.  Soybean was planted using a row 
spacing of 67 cm in all trials by using locally recommended seeding rates.  The soybean 
cultivars used in all trials were those recommended for the regions and there was no 
attempt for using the same cultivar at each location over time.  The cultivar selection was 
done without previous knowledge or consideration of potential isoflavone or K concentration 
in the grain.  In plots corresponding to the band treatment, soybean was planted on top of 
the coulter-knife tracks. 
 
Soil Sampling and Chemical Analyses 
Composite soil samples (12 to 16 cores, 2-cm diameter each) were collected before 
planting soybean from a 15 cm soil depth only from the control plots.  Samples were dried at 
35 to 40 ºC and crushed to pass a 2-mm sieve.  Soil-test K was determined following 
procedures recommended for the North Central Region based on the ammonium-acetate 
test for K (Warncke and Brown, 1998).  Briefly, samples were analyzed in duplicates by 
extracting 1 g of dried soil with 10 mL of a neutral 1 M ammonium-acetate solution, shaking 
at 200 oscillations min-1 for 5 min, and measuring K by atomic absorption spectroscopy.  
Iowa State University STK interpretation classes (Sawyer et al., 2002) are referred to in this 
study.  Boundaries for the classes Very Low, Low, Optimum, High, and Very High are 90, 
130, 170, 200 and more than 200 mg K kg-1, respectively.  
 
Grain Sampling and Chemical Analyses 
Soybean grain was harvested from two to five central rows of each plot, and a 
sample of approximately 0.75 kg was collected from all plots for moisture determination.  
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Grain yields were corrected to 130 g kg-1 moisture concentration.  Partial grain yield results 
for some treatments of these trials were published before (Mallarino et al., 1991; Borges and 
Mallarino, 2000). 
Although numerous grain samples were collected from these trials to determine 
moisture, samples from a few selected treatments and replications were kept for chemical 
analysis of K concentration.  Furthermore, only a subset of 114 samples was used for this 
study because the funds available for costly isoflavone analyses greatly limited the number 
of samples that could be analyzed.  These samples were chosen from selected site-years 
based on knowledge of yield levels and yield responses to K fertilization (to provide a wide 
range of potential response in both grain K and isoflavone concentrations) and from two 
replications (to maintain a minimum level of replication at each site-year).  Samples chosen 
from the four trials evaluating K fertilization rates and placement methods were from the 
control and the high K fertilization rate (66 kg ha -1 yr-1) broadcast or deep-banded.  These 
treatments will be referred as Control, BC, and DB, respectively.  An additional intermediate 
K rate deep banded of 33 kg ha -1 yr-1 was chosen from the four years at Kanawha and two 
years at Nashua.  Where appropriate, this treatment will be referred to as DB1 and the 
higher rate as DB2.  Samples chosen from the two trials evaluating K fertilization rates for 
various initial STK levels were from the control and K fertilization rates of 67 or 100 kg ha -1 
yr-1 from the low, medium and high initial (in 1976) STK levels.  These treatments will be 
referred as Control, LK, and HK, respectively.  The samples chosen corresponded to sites 
and years listed in Table 1.  This table also summarizes cultivars, planting dates, and STK 
level for the control treatment. 
Total K concentration in soybean grain was analyzed in duplicates by a wet digestion 
procedure based on concentrated nitric acid and hydrogen peroxide and by determining K 
by inductively-coupled plasma spectroscopy.  Isoflavone concentration in soybean grain was  
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Table 1.  Experimental locations, year, soybean cultivars, planting dates, and soil-test K of 
plots not fertilized with K. 
 
Experiment Location Year Soybean cultivar Planting date Soil-test K †
K by 
placement Kanawha 1997 Lathan 522 6-May 138 (O) 
  1998 Lathan 522 5-May 120 (L) 
  1999 Midwest G1912 5-May 125 (L) 
  2000 Midwest G1912 1-May 158 (O) 
 Lewis 1997 Stine 3171 14-May 246 (VH) 
  2000 Garst Lakes 2500LL 25-Apr 200 (H) 
 Nashua 1994 SQI 237 18-May 139 (O) 
  1999 ASG 2301 RRS 27-May 113 (L) 
  2000 ASG 2301 RRS 26-Apr 100 (L) 
 Sutherland 1994 Marcus 10-May 214 (VH) 
  1997 Stine STS 6-May 234 (VH) 
  2000 Kruger 2343+ 26-Apr 169 (H) 
      
K rates Bruner 1998 Pioneer 92B91 11-May 158(O) 
  2000 Pioneer 92B91 3-May 111(L) 
  2002 Asgrow 2601 9-May 90(VL) 
 Kanawha 1999 Midwest G1912 28-May 131(O) 
  2001 Pioneer 9234 15-May 137(O) 
 
† VL, Very Low; L, Low; O, Optimum; H, High; and VH, Very High soil-test K Iowa soil-test K 
interpretation classes for soybean for the ammonium acetate method and a 15 cm sampling depth 
(Sawyer et al., 2002). 
 
 
determined following procedures established by the Iowa State University Grain Quality 
Laboratory during 2004 and 2005.  A sample of 2 g of ground material was transferred into a 
125-mL screw-top Erlenmeyer flask, to which were added 10 mL of acetonitrile (ACN), 2 mL 
of 0.1 N HCl, and 7 mL of water.  Flasks were stirred for 2 h at room temperature.  The 
extracts were filtered through Whatman No. 42 filter paper using a 125-mL filter flasks and 
funnels.  The residues were rinsed with ACN.  The filtrate was poured into a 250-mL round 
bottom flask and taken to dryness on a rotary evaporator at 30 °C.  The residues were re-
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dissolved in 80 % high performance liquid chromatography (HPLC) grade methanol and 
transferred to a 10-mL volumetric flask; 1mL was drawn into a syringe and filtered through a 
0.45 μm filter and transferred to sample vials.  An aliquot was analyzed by HPLC.  All 
samples were analyzed in duplicate. 
  Twelve isoflavone isomers were quantified.  These were three aglycones (daidzein, 
genistein, glycitein); three glucosides (daidzin, genistin, glycitin); three malonyl glucosides 
(6”-O-malonyldaidzin, 6”-O-malonylgenistin and 6”-O-malonylglycitin); and three acetyl 
glucosides (6”-O-acetyldaidzin, 6”-O-acetylgenistin and 6”-O-acetylglycitin).  Considering 
that the glucoside forms of the isoflavones are converted to free forms (aglycone) in order to 
be absorbed, their values must be converted into the free form when summarizing each 
aglycone (i.e., total daidzein, total genistein, total glycitein) or total isoflavones (Murphy et al. 
1997).  Simple addition of isoflavone concentrations without this correction will overestimate 
true isoflavone aglycone concentrations by almost a factor of 2 (Wang and Murphy, 1994).  
The conversion was calculated as suggested by Hoeck et al., (2000) as indicated in Eq. 1 
through 4. 
Eq. 1:  Total daidzein = 254.23 (daizin / 416.36 + 6''-O-malonyldaidzin / 502.41 +  
6''-O-acetyldaidzin / 458.4 + daidzein / 254.23) 
Eq. 2:  Total genistein = 270.23 (genistin / 432.37 + 6''-O-malonylgenistin / 518.41 +  
6''-O-acetylgenistin /474.4 + genistein / 270.23) 
Eq. 3:  Total glycitein = 284 (glycitin / 446 + 6''-O-malonylglycitin / 532 +  
6''-O-acetylglycitin/488 + glycitein / 284) 
Eq. 4:  Total isoflavones = total daidzein + total genistein + total glycitein.  
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Data Management and Statistical Analysis 
 
Because K fertilization effects on soybean grain yield were reported before using 
more treatments and replications, these results are not emphasized and are presented or 
discussed only as they are relevant for interpreting responses of grain K and isoflavone 
concentration for the plots selected for this study.  The duplicate results from each sample 
were averaged for analyses of variance (ANOVA) of treatment effects assuming a complete-
block design with two replications for all trials using SAS (SAS Institute, Inc.  Box 8000, 
Cary, NC).  Differences between the sample means were analyzed by Fisher’s least 
significant difference (LSD) test at a = 0.05.  Relationships between measurements (grain K 
and isoflavone concentrations, yield, and (or) STK) were studied by correlation or regression 
using SAS. 
RESULTS AND DISCUSSION 
Environmental Factors 
Among the multiple environmental factors influencing the soybean production, 
factors relevant for this research are soil K availability, precipitation, and temperature.  Soil K 
availability was assessed through soil-test K (STK).  Measured STK values in the control 
plots (non-fertilized with K) of experiments in the different locations and years varied from 
very low to very high (Table 1).  In the deep-band experiments, values at Kanawha were low 
in two years (in 1998 and 1999) and optimum in the other two years.  At Lewis and 
Sutherland, STK was high or very high.  In Nashua, STK was optimum in 1994 but low in 
1999 and 2000.  For the long-term K experiments, at Bruner an initial optimum STK value in 
1998 decreased to low in 2000 and very low in 2002 while at Kanawha STK remained in the 
optimum level the two years of the study. 
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According to Iowa State University STK interpretations (Sawyer et al., 2002) and 
previous research (Mallarino, 2002; Borges and Mallarino, 2000; Mallarino et al., 2004), the 
probability of soybean yield response to K fertilization for the very low, low, optimum, high, 
and very high is 80, 60, < 25, < 5, and 0 %, respectively.  Therefore, the STK information 
indicates that expected yield responses should be large at Bruner, low to moderate at 
Kanawha and Nashua, and small or nonexistent at Lewis and Sutherland. 
Precipitation is a factor of considerable importance especially in areas like Iowa and other 
Midwestern states where soybean is grown under rainfed conditions.  Additionally, 
precipitation it is a very variable factor in Iowa ranging from deficient to excessive over the 
years.  Soybean water requirements for maximum production vary between 450 and 700 
mm per season, depending on climate and length of growing period (FAO, 2000).  The 
lowest precipitation was registered in Sutherland in 2000 with 377 mm of rainfall during the 
period April-September (Fig. 1).  This amount of rainfall compares to 552 mm for the long-
term average during the same period.  This year coincides with a little lower grain yield (2.53 
Mg ha-1) when compared with the yield of the two other growing season (2.73 and 2.86 Mg 
ha-1).  Even when precipitation was below the average most of the growing season, it came 
back to the normal during August, usually around the starting of the reproductive stage.  In 
Lewis, both years were only slightly below 450 mm of rainfall, which was 150 mm below the 
592 mm long-term average.  Soybean could have tolerated the lowest precipitation during 
July (only 18 mm from a 100 average for that month), because the most critical period of 
reproduction probably have not yet started.  Few other site-years had rainfall below 500 mm 
during the growing season and ranged between 600 and 700 mm in most cases.  The 
exception was Nashua in 1999, when rainfall was extraordinarily high at 1,163 mm, much 
higher than the long-term average of 627 mm.  On July of that year rainfall was 469 mm, 
which potentially would have been enough for the complete growing season.  Therefore,  
 18
Bruner
0
50
100
150
200
250
300
350
400
450
500
1998
2000
2002
Mean
Bruner
0
5
10
15
20
25
30
1998
2000
2002
Mean
Kanawha
0
50
100
150
200
250
300
350
400
450
500
1997
1998
1999
2000
2001
Mean
Kanawha
0
5
10
15
20
25
30
1997
1998
1999
2000
2001
Mean
Lewis
0
50
100
150
200
250
300
350
400
450
500
1997
2000
Mean
1997
2000
Mean
Lewis
0
5
10
15
20
25
30
1997
2000
Mean
Nashua
0
50
100
150
200
250
300
350
400
450
500
1994
1999
2000
Mean
Nashua
0
5
10
15
20
25
30
1994
1999
2000
Sutherland
0
50
100
150
200
250
300
350
400
450
500
APR MAY JUN JUL AUG SEP
1994
1997
2000
Mean
Sutherland
0
5
10
15
20
25
30
APR MAY JUN JUL AUG SEP
1994
1997
2000
Mean
Te
m
pe
ra
tu
re
 °C
 
Pr
ec
ip
ita
tio
n 
(m
m
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Monthly precipitation and temperature average and mean values. 
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according to the FAO criterion and long-term averages, soil moisture likely was favorable for 
yield in most crop seasons, except for excessive rainfall at Nashua in 2000 and Bruner in 
1998.  
Soybean of most experiments was planted in May, when the mean daily air 
temperatures ranged from 10 to 18 oC (Fig. 1).  From June to August, when soybean 
advances from the vegetative to the reproductive stages, temperatures ranged between 20 
and 25 oC.  Finally, in September, when soybean usually reaches the R7 and other last 
growth stages, the temperatures were still at or slightly below 20 oC, but still higher than 15 
oC.  In Kanawha, Lewis and Sutherland, where experiments were established during 1997, a 
slightly lower than average temperature during April and May was observed, ranging from 6 
to 13 oC.  Those temperatures could cause a delay in the planting dates.  The FAO (2002) 
criteria for soybean requirements indicate that in general, the growth rate decreases 
significantly below 18 oC and above 35 oC and the minimum temperature for growth is near 
10 oC.  Therefore, according to these criteria, most crop seasons at the different locations 
were within appropriate temperatures for soybean growth. 
 
Potassium Treatments Effects on Soybean Grain Yield, Potassium Concentration,  
and Isoflavone Concentration 
In this section the results are presented in two types of tables for each of the 
locations and one summary figure.  The first table for each location shows the effects of the 
K treatments on annual grain yield, K uptake in grain, and the concentration in the grain of K 
and totals of three isoflavones (i.e., total daidzein, total genistein and total glycitein) and its 
sum.  The second type of table for each location shows the effect of the K treatments on 
each of the 12 individual isoflavone forms. 
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Results for the four sites with experiments evaluating K placement methods indicate 
that the responses to the K treatments were more consistent and clear at Kanawha (Table 
2).  Potassium fertilization increased grain K concentration with a statistically significant 
response in every year as well as in the means across the four years.  Responses were only 
slightly less consistent for K uptake, which showed a response in three out four years and 
for the means across years.  The less responsive variable was grain yield, which showed a 
significant difference only in one year at P ≤ 0.10), even though the response achieve higher 
significance for the mean response across years.  Agronomic yield differences of the treated 
plots compared with the non-fertilized control were obvious in all, so perhaps the small 
number of replications explains the low or lack of statistical significance in the yearly 
analyses.  Because K uptake results combines effects on K concentration and yield, the 
small number of replications can also explain the lack of significant effects on K uptake in 
one year. 
The K fertilization effects on isoflavone concentrations at Kanawha were much less 
consistent than for the yield and K measurements.  The approximate proportions of each 
isoflavone in Kanawha were 39%, 49% and 12% for total daidzein, total genistein and total 
glycitein respectively.  Total isoflavones varied from 963 to 1784 µg g-1 across years and 
treatments.  There was a response from some isoflavone form or the total only in two years 
(1997 and 2000).  In the analysis by year, the most consistent response (in both years) was 
for total genistein.  However, the response for the analysis across years showed a 
significant effect of K only for total genistein and total glycitein and not for total daidzein or 
the total isoflavones. 
Observing the data from each year, the yield, K uptake and K concentration in 1997 
were the lowest of all years, which is in contrast with the highest values for total isoflavones.   
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Table 2.  Potassium fertilization and placement effects on grain and K yield and the 
concentration of K and isoflavones in grain at Kanawha. 
 
     Isoflavones concentration †
Year TRT ‡ Yield K uptake K conc. TDein TGein TGlein Total
  Mg ha-1 kg ha-1 % -------------- µg g-1 --------------- 
1997 C 2.5 35 1.38 660 855 171 1686
 BC 2.8 44 1.58 729 897 158 1784
 DB1 2.7 41 1.51 563 732 187 1482
 DB2 2.6 40 1.54 713 885 163 1761
  ns ns * * + ns + 
         
1998 C 3.1 50 1.60 366 447 149 963 
 BC 3.4 55 1.61 399 506 147 1052
 DB1 3.4 55 1.62 347 475 143 965 
 DB2 3.4 58 1.70 445 523 189 1157
  ns * * ns ns ns ns 
         
1999 C 3.0 46 1.54 533 623 179 1335
 BC 3.2 53 1.65 530 634 185 1348
 DB1 3.3 54 1.65 589 671 194 1454
 DB2 3.3 58 1.77 551 667 186 1403
  ns + * ns ns ns ns 
         
2000 C 2.4 37 1.54 520 602 101 1223
 BC 3.3 54 1.65 593 708 105 1407
 DB1 2.9 47 1.61 510 598 159 1267
 DB2 3.3 56 1.70 588 750 123 1461
  + * * ns * * ns 
         
Means C 2.8 42 1.52 520 632 150 1302
 BC 3.2 52 1.62 563 686 149 1398
 DB1 3.1 49 1.60 502 619 171 1292
 DB2 3.2 53 1.68 574 706 165 1446
  * * * ns + * ns 
ns, *, and +; not significant or significant mean effect of K fertilization at P = 0.05 and P = 0.10 (the K 
rates or placements never differed). 
† TDein, total Daidzein; TGein, total Genistein; TGlein, total Glycitein. 
‡ C = Control; BC = K fertilizer broadcast at 66 kg ha-1 year-1; DB1, DB2 = K fertilizer deep banded at 
33 and 66 kg ha-1 year-1. 
 
 
One possible factor contributing to the low in yield and K uptake could be that during July 
the precipitation was only 29 mm, which is equivalent to less than 30% of the historical 
mean for July and the lowest registered monthly precipitation value for every month of the 
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four growing seasons.  An opposite trend was observed in 1998, when yield, K uptake and K 
concentration were highest and in contrast with the lowest values for isoflavones.  In this 
case, the August precipitation corresponds to the highest point observed during this month 
in the four years and, additionally, 1998 was the year with the highest precipitation (Fig. 1).  
The isoflavones appear to be more sensitive to changes between crop years than the other 
variables.  The difference between 1997 and 1998 are of the order of 30 to 40% higher in 
1997, while yield change was lower than 20%.  Other research has shown that water stress 
during the filling period can potentially affect the soybean isoflavone content (Seguin and 
Zheng 2005, Tsukamoto et al., 1995).  
Analyses across all years at Kanawha show that responses by K uptake, K 
concentration, and yield were stronger than for the isoflavones.  The control had always the 
lowest value for all the variables, even in the cases where there were no significant 
differences.  An additional aspect obvious from the means across years is that the highest K 
rate (treatments DB2 and BC) had highest values than for the low rate (DB1) for all 
measurements except total Glycitein.  This shows at some extent the existence of a positive 
response to the K fertilization rates.  Also, values of all measurements were higher for the 
deep band treatment than for the broadcast treatments at a comparable application rate, 
although the difference often was not statistically significant, probably because of only two 
replications.  This result coincides with yield results shown by Borges and Mallarino (2000 
and 2003) and to results at some sites from research by Vyn et al. (2002) and Yin and Vyn 
(2002 and 2003). 
Table 3 presents K treatment effects on each individual isoflavone form at Kanawha. 
Generally individual isoflavones follow a pattern in which almost invariably malonyl genistin 
was the one contributing the highest percentage to the total isoflavones, and was followed 
by either genistein or malonyl daidzin and by daidzein.  Together, these four isoflavones 
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Table 3.  Potassium fertilization and placement effects on the concentration of 12 
isoflavones in grain at Kanawha. 
 
  Isoflavones concentration †
Year 
TRT 
‡ Din Gin Gly Mdin Mgin Mgly AcDin AcGin AcGly Dein Gein Glein
  ------------------------------------------------ µg g-1 -------------------------------------------------- 
1997 C 280 428 105 869 996 161 52 85 17 20 20 9 
 BC 287 412 103 990 1095 165 58 86 0 21 20 4 
 DB1 355 527 102 601 665 99 46 71 103 17 16 9 
 DB2 312 442 105 935 1040 156 56 86 17 18 18 2 
  ns ns ns + + + * * * ns ns ns 
              
1998 C 257 347 94 329 352 82 25 40 59 29 25 11 
 BC 284 391 90 364 407 76 27 45 66 27 23 11 
 DB1 261 348 85 290 408 78 22 35 65 29 25 10 
 DB2 269 362 98 473 490 95 31 39 82 24 19 29 
  ns ns ns ns ns ns ns ns * ns ns ns 
              
1999 C 298 407 99 594 614 97 39 49 103 29 21 4 
 BC 316 427 97 584 614 104 34 44 95 23 22 12 
 DB1 306 417 96 694 693 109 40 50 113 29 21 9 
 DB2 323 460 93 619 647 100 36 47 110 21 15 9 
  ns ns ns ns ns ns * ns ns ns ns * 
              
2000 C 202 260 69 713 754 106 36 55 0 16 15 0 
 BC 229 311 71 817 889 112 35 56 0 20 19 0 
 DB1 253 335 73 622 655 89 42 56 112 17 15 0 
 DB2 236 348 78 791 918 110 38 60 24 22 20 0 
  + * ns ns * * + ns * * * n/a 
 
ns, *, and +; not significant or significant mean effect of K fertilization at P = 0.05 and P = 0.10 (the K 
rates or placements never differed). 
† Din, Daidzin; Gin, Genistin; Gly, Glycitin; Mdin, Malonyl daizin; Mgin, Malonyl genistin; MGly = 
Malonyl glycitin; AcDin, Acetyl daidzin; AcGin, Acetyl genistin; AcGly, Acetyl glycitin; Dein, Daidzein; 
Gein, Genistein; Glein, Glycitein. 
‡ C = Control; BC = K fertilizer broadcast at 66 kg ha-1 year-1; DB1, DB2 = K fertilizer deep banded at 
33 and 66 kg ha-1 year-1. 
 
 
usually constituted between 80% to about 90% of the total isoflavone concentration.  
Patterns like the one described has been observed before (Wang and Murphy, 1994; Kim et 
al., 2005).  The responses to K from the individual isoflavones forms were consistent with 
few exceptions in 1997 and 2000, a pattern described before for the total in Table 2.  It is 
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noteworthy that Daidzin, Genistin, and Glycitin did not respond to K in 1997 but the first two 
did in 2000 whereas Daidzein and Genistein did not respond in 1997 but responded in 2000.  
These effects cannot be explained with the measurements and methods used. 
In Nashua, a location where responses existed but were less consistent than in 
Kanawha, K concentration was again the only variable showing significant differences in 
every year as well as when data was pooled across years (Table 4).  The yield did not show 
any response, however, while K uptake was intermediate.  These results indicate that K 
fertilization can increase K uptake and K concentration in grain even if there is little or no 
yield response.  Total isoflavones on the other hand had almost no response to the 
treatments, a result that was also observed in Table 5 for the individual forms.  The few 
responses do indicate a behavior that appears to repeat in some years.  For example, 
occasional responses to K by total glycitein in some years (1999 and 2000) coincided with 
lack of response by the other isoflavones, although this pattern was not observed for the 
means across years when total genistein and total isoflavones showed a response but total 
glycitein did not. 
The sites located near Lewis and Sutherland were unresponsive to K fertilization.  
Exceptions were only in 2000, where there was a response by K concentration at Lewis 
(Table 6) and by grain yield at Sutherland (Table 8).  In contrast to results at Nashua, where 
lack of grain yield response corresponded with significant response by grain K 
concentration, at these sites there was not K concentration response (except for a small 
response at Lewis in one year to one of the K treatments).   
This general unresponsive pattern was also observed for the isoflavones (Tables 6 
through 9).  In addition to lack of response in most years by total or most individual 
isoflavones some values were very low, such as for acetyl glycitin with non-measurable 
amounts in both years and for glycitein with non-measurable amount in 2000 (Table 7).  At  
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Table 4.  Potassium fertilization and placement effects on grain and K yield and the 
concentration of K and isoflavones in grain at Nashua. 
 
     Isoflavones concentration †
Year TRT ‡ Yield K uptake K conc. TDein TGein TGlein Total
  Mg ha-1 kg ha-1 % -------------- µg g-1 --------------- 
1994 C 3.9 51 1.31 686 1167 154 2007
 BC 4.0 62 1.54 709 1158 160 2027
 DB2 4.1 58 1.42 721 1172 156 2049
  ns * * ns ns ns ns 
         
1999 C 3.5 58 1.65 603 643 168 1414
 BC 3.5 60 1.72 554 623 141 1318
 DB1 3.6 63 1.75 516 594 137 1247
 DB2 3.4 63 1.84 625 706 153 1483
  ns ns * ns ns + ns 
         
2000 C 3.5 58 1.66 671 697 128 1496
 BC 3.9 75 1.93 801 820 126 1746
 DB1 4.1 79 1.92 689 726 163 1578
 DB2 3.9 73 1.88 845 868 123 1836
  ns * * ns ns * ns 
         
Means C 3.6 55 1.53  653 836 150 1639
 BC 3.8 65 1.72  688 867 142 1697
 DB2 3.8 65 1.71  730 916 144 1789
  ns * * ns + ns * 
ns, *, and +; not significant or significant mean effect of K fertilization at P = 0.05 and P = 0.10 (the K 
rates or placements never differed). 
† TDein, total Daidzein; TGein, total Genistein; TGlein, total Glycitein. 
‡ C = Control; BC = K fertilizer broadcast at 66 kg ha-1 year-1; DB1, DB2 = K fertilizer deep banded at 
33 and 66 kg ha-1 year-1. 
 
 
Sutherland, the exception was a response by the aglycones group (Table 9), a result that 
eludes explanation.  However, non-responsive does not mean less productive.  In fact, 
Lewis was the location with the usually highest grain yield, grain K concentration, and grain 
isoflavones concentration when compared with all the other sites and experiments.  Both of 
these sites are the ones with the highest soil-test K values, which is a common occurrence 
in western Iowa.  Several researchers have found that K fertilization can affect positively the  
 26
Table 5.  Potassium fertilization and placement effects on the concentration of 12 
isoflavones in grain at Nashua. 
 
  Isoflavones concentration †
Year TRT ‡ Din Gin Gly Mdin Mgin Mgly AcDin AcGin AcGly Dein Gein Glein
  ------------------------------------------------ µg g
-1 -------------------------------------------------- 
1994 C 411 768 118 735 1078 129 47 143 0 37 44 10 
 BC 407 708 118 737 1098 119 54 108 14 58 82 14 
 DB2 417 775 113 772 1125 123 75 115 13 33 36 10 
  ns ns ns ns ns ns ns ns ns ns ns ns 
              
1999 C 278 365 78 754 696 97 49 62 115 24 17 0 
 BC 246 345 62 695 679 81 40 54 100 30 23 0 
 DB1 322 425 83 545 535 71 44 58 79 19 16 0 
 DB2 400 511 85 657 643 82 49 63 94 21 15 0 
  + + ns ns ns * ns ns + * * na 
              
2000 C 270 317 75 907 859 129 50 63 19 19 15 0 
 BC 304 359 77 1101 1038 133 63 64 9 23 18 0 
 DB1 380 451 85 804 752 92 44 58 102 26 19 0 
 DB2 318 379 76 1152 1097 131 69 63 0 29 23 5 
  ns ns ns ns ns * ns ns * ns ns na 
ns, *, and +; not significant or significant mean effect of K fertilization at P = 0.05 and P = 0.10 (the K 
rates or placements never differed). 
† Din, Daidzin; Gin, Genistin; Gly, Glycitin; Mdin, Malonyl daizin; Mgin, Malonyl genistin; MGly = 
Malonyl glycitin; AcDin, Acetyl daidzin; AcGin, Acetyl genistin; AcGly, Acetyl glycitin; Dein, Daidzein; 
Gein, Genistein; Glein, Glycitein. 
‡ C = Control; BC = K fertilizer broadcast at 66 kg ha-1 year-1; DB1, DB2 = K fertilizer deep banded at 
33 and 66 kg ha-1 year-1. 
 
 
grain yield, grain K concentration in low-testing soils but effects are unlikely at the levels 
found in these sites (Mallarino and Borges, 2000; Mallarino, 2002; Yin and Vyn, 2002; 
Mallarino and Borges, 2003; Yin and Vyn, 2003). 
Potassium fertilization effects at the two experiments evaluating the response to 
annual K fertilization rates (Bruner and Kanawha) are shown in Tables 10 through 13.  In 
Bruner there was a consistent grain K concentration response to K fertilization and also for 
K uptake with the exception of one year but there were few and inconsistent responses by  
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Table 6.  Potassium fertilization and placement effects on grain and K yield and the 
concentration of K and isoflavones in grain at Lewis. 
 
     Isoflavones concentration †
Year TRT ‡ Yield K uptake K conc. TDein TGein TGlein Total
  Mg ha-1 kg ha-1 % -------------- µg g-1 --------------- 
1997 C 3.9 71 1.81 1368 1154 139 2660
 BC 3.8 70 1.85 1300 1109 140 2549
 DB 3.8 70 1.83 1358 1150 140 2648
  ns ns ns ns ns ns ns 
         
2000 C 3.4 66 1.94 455 696 111 1262
 BC 3.2 70 2.18 412 618 117 1147
 DB 3.4 66 1.94 466 713 113 1292
  ns ns * ns ns ns ns 
         
Means C 3.7 68 1.88 912 925 125 1961
 BC 3.5 71 2.02 856 864 129 1848
 DB 3.6 68 1.89 912 932 127 1970
  ns ns ns * ns ns * 
ns, not significant at P = 0.05; * significant difference between BC and C or DB at P = 0.05. 
† TDein, total Daidzein; TGein, total Genistein; TGlein, total Glycitein. 
‡ C = Control; BC =K fertilizer broadcast at 66 kg ha-1 year-1; DB =K fertilizer deep banded at 66 kg 
ha-1 year-1. 
 
 
Table 7.  Potassium fertilization and placement effects on the concentration of 12 
isoflavones in grain at Lewis. 
 
 Isoflavones concentration †
Year TRT‡ Din Gin Gly Mdin Mgin Mgly AcDin AcGin AcGly Dein Gein Glein 
  ------------------------------------------------------ µg g-1 ----------------------------------------------------
1997 C 486 464 79 1956 1528 156 95 87 0 28 18 5 
 BC 505 487 78 1791 1415 152 101 86 0 30 19 9 
 DB 591 556 83 1791 1405 144 106 89 0 31 19 10 
  ns ns ns ns ns ns ns ns na § ns ns ns 
              
2000 C 191 314 82 599 860 111 32 60 0 17 17 0 
 BC 176 270 83 575 774 121 na 56 0 14 14 0 
 DB 204 335 84 613 870 113 29 60 0 15 16 0 
  ns ns ns ns ns ns * + na + na na 
ns, *, and +; not significant or significant mean effect of K fertilization at P = 0.05 and P = 0.10. 
† Din, Daidzin; Gin, Genistin; Gly, Glycitin; Mdin, Malonyl daizin; Mgin, Malonyl genistin; MGly = 
Malonyl glycitin; AcDin, Acetyl daidzin; AcGin, Acetyl genistin; AcGly, Acetyl glycitin; Dein, Daidzein; 
Gein, Genistein; Glein, Glycitein. 
‡ C = Control; BC =K fertilizer broadcast at 66 kg ha-1 year-1; DB =K fertilizer deep banded at 66 kg 
ha-1 year-1. 
§ na, not available or applicable. 
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Table 8.  Potassium fertilization and placement effects on grain and K yield and the 
concentration of K and isoflavones in grain at Sutherland. 
 
     Isoflavones concentration †
Year TRT ‡ Yield K uptake K conc. TDein TGein TGlein Total
  Mg ha-1 kg ha-1 % -------------- µg g-1 --------------- 
1994 C 2.9 50 1.71 952 1209 355 2515
 BC 2.8 44 1.57 917 1200 365 2483
 DB 2.9 47 1.62 1042 1316 378 2736
  ns ns ns ns ns ns ns 
         
1997 C 2.9 44 1.53 1095 1047 243 2384
 BC 2.6 43 1.66 1151 1073 248 2472
 DB 2.7 43 1.61 1072 984 227 2284
  ns ns ns ns ns ns ns 
         
2000 C 2.8 51 1.83 821 923 174 1917
 BC 2.3 41 1.79 843 936 172 1952
 DB 2.5 45 1.80 939 1057 191 2187
  * ns ns ns ns ns ns 
         
Means C 2.9 48 1.69 956 1060 257 2272
 BC 2.6 43 1.67 970 1070 262 2302
 DB 2.7 45 1.68 1018 1119 265 2402
  + ns ns ns ns ns ns 
ns and *; not significant or significant mean effect of K fertilization at P = 0.05 (the K placements 
never differed). 
† TDein, total Daidzein; TGein, total Genistein; TGlein, total Glycitein. 
‡ C = Control; BC = K fertilizer broadcast at 66 kg ha-1 year-1; DB = K fertilizer deep banded at 66 kg 
ha-1 year-1. 
 
 
grain yield (Table 10).  Isoflavones responses also were few and inconsistent (Tables 10 
and 11).  In 1998 the only isoflavone not responsive to K was total glycitein, while others 
responded at least at the P = 0.1 level.  The individual isoflavones response was also similar 
to the one observed with the total isoflavones in 1998.  The responses during 1999 and 
2001 at the K rate experiment established in Kanawha (Tables 12 and 13) were similar to 
responses observed for the placement methods experiment at that location.   
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Table 9.  Potassium fertilization and placement effects on the concentration of 12 
isoflavones in grain at Sutherland. 
 
  Isoflavones concentration †
Year TRT‡ Din Gin Gly Mdin Mgin Mgly AcDin AcGin AcGly Dein Gein Glein
  ------------------------------------------------------ µg g-1 ---------------------------------------------------- 
1994 C 482 691 269 1131 1317 314 89 98 0 36 35 16 
 BC 505 744 281 959 1123 290 88 110 13 75 88 24 
 DB 594 858 296 1112 1281 294 116 120 27 52 44 17 
  ns ns ns ns ns ns ns ns ns * * * 
              
1997 C 458 506 147 1484 1267 235 67 85 23 27 21 11 
 BC 434 467 144 1616 1364 255 72 86 15 29 21 12 
 DB 412 434 140 1496 1242 231 70 84 6 25 18 11 
  ns ns ns ns + ns ns ns ns ns ns ns 
              
2000 C 350 436 120 1113 1137 163 28 62 0 28 22 10 
 BC 346 414 121 1196 1193 161 0 62 0 27 20 9 
 DB 393 486 135 1315 1328 179 0 66 0 33 24 10 
  ns ns ns ns ns ns ns ns ns ns ns ns 
ns, *, and +; not significant or significant mean effect of K fertilization at P = 0.05 and P = 0.10 (the K 
placements never differed). 
† Din, Daidzin; Gin, Genistin; Gly, Glycitin; Mdin, Malonyl daizin; Mgin, Malonyl genistin; MGly = 
Malonyl glycitin; AcDin, Acetyl daidzin; AcGin, Acetyl genistin; AcGly, Acetyl glycitin; Dein, Daidzein; 
Gein, Genistein; Glein, Glycitein. 
‡ C = Control; BC =K fertilizer broadcast at 66 kg ha-1 year-1; DB =K fertilizer deep banded at 66 kg 
ha-1 year-1. 
 
 
There were consistent responses to K fertilization by K concentration and K uptake but few 
and inconsistent responses by grain yield and isoflavones concentrations. 
The results of responses to K fertilization by location discussed before showed 
consistent responses from grain K concentration and K uptake at the two sites at Kanawha 
(placement methods and K rates trials), the K rates trial at Bruner, and the placement 
methods trial at Nashua.  At these sites also there were occasional responses from grain 
yield and isoflavones concentrations.  In contrast, there were no responses at Lewis and 
Sutherland.  Therefore, the results for the responsive and non-responsive sites were 
grouped to better visualize the relative response of the various measurements across sites.  
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Table 10.  Potassium fertilization rates effects on grain and K yield and the concentration of 
K and isoflavones in grain at Bruner. 
 
     Isoflavones concentration †
Year TRT ‡ Yield K uptake K conc. TDein TGein TGlein Total
  Mg ha-1 kg ha-1 % -------------- µg g-1 --------------- 
1998 C 3.8 61 1.61 300 405 249 954 
 LK 3.7 62 1.68 318 428 241 987 
 HK 3.9 67 1.73 377 531 250 1158
  ns ns * * + ns + 
         
2000 C 2.6 40 1.55 272 353 178 802 
 LK 3.0 51 1.70 278 394 172 844 
 HK 3.1 55 1.79 329 472 196 996 
  * * * ns ns ns ns 
         
2002 C 2.4 35 1.45 342 459 140 941 
 LK 2.7 44 1.62 313 440 167 919 
 HK 2.9 54 1.87 416 526 150 1091
  ns * * ns ns ns ns 
         
Means C 2.9 45 1.54 305 406 189 899 
 LK 3.1 52 1.67 303 421 193 917 
 HK 3.3 59 1.80 374 510 199 1082
  ns * * * * ns * 
ns and *; not significant or at least one K rate significantly different from the control at P = 0.05. 
† TDein, total Daidzein; TGein, total Genistein; TGlein, total Glycitein. 
‡ C, Control; LK K fertilizer broadcast at 67 kg ha-1 year-1; HK, K fertilizer broadcast at 100 kg ha-1 
year-1. 
 
 
Figure 2 shows relative response to K fertilization (mean of plots receiving K fertilizer 
compared with the non-fertilized control) for each of the variables studied, excluding the 
individual isoflavones.  Relative responses were summarized for all sites, the responsive 
sites, and the non-responsive sites.  Results for the responsive sites indicate that K uptake 
was the variable with the higher relative response and was followed by both grain yield and 
K concentration.  The isoflavones were the ones with the lowest response to K fertilization, 
especially total glycitein.  On average across the responsive sites, K fertilization increased K 
uptake 20%, yield 11%, K concentration 10%, and total isoflavones 6%.  Isoflavones 
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Table 11.  Potassium fertilization rates effects on the concentration of 12 isoflavones in grain 
at Bruner. 
 
  Isoflavones concentration †
Year TRT‡ Din Gin Gly Mdin Mgin Mgly AcDin AcGin AcGly Dein Gein Glein 
  ------------------------------------------------- µg g-1 ------------------------------------------------- 
1998 C 176 268 174 311 378 157 21 37 72 24 20 13 
 LK 201 285 160 310 396 164 21 39 68 26 21 13 
 HK 207 337 166 414 542 155 26 44 85 27 13 12 
  ns ns ns * * ns * * + ns ns ns 
              
2000 C 127 188 107 318 382 127 28 40 60 17 13 7 
 LK 123 195 103 334 445 121 30 42 61 17 15 7 
 HK 135 225 112 406 536 138 34 47 71 22 25 9 
  ns ns ns ns ns ns ns ns ns ns + ns 
              
2002 C 143 238 62 371 517 91 50 43 74 39 17 9 
 LK 136 230 58 375 493 87 48 44 69 14 14 43 
 HK 161 270 68 491 615 97 52 38 80 40 14 Ns 
  ns ns ns ns ns ns ns ns ns ns ns ns 
ns and *; not significant or at least one K rate significantly different from the control at P = 0.05. 
† Din, Daidzin; Gin, Genistin; Gly, Glycitin; Mdin, Malonyl daizin; Mgin, Malonyl genistin; MGly = 
Malonyl glycitin; AcDin, Acetyl daidzin; AcGin, Acetyl genistin; AcGly, Acetyl glycitin; Dein, Daidzein; 
Gein, Genistein; Glein, Glycitein. 
‡ C = Control; LK, K fertilizer broadcast at 67 kg ha-1 year-1; HK, K fertilizer broadcast at 100 kg ha-1 
year-1. 
 
 
response to K was explained by the response of total daidzein and genistein (6 and 7%, 
respectively) because total glycitein did not respond.  The results for the sites classified as 
non-responsive in Fig. 2 (Lewis and Sutherland) do show some statistically non-significant 
responsive trends, and an interesting result is that the relative ranking of responses between 
the measurements followed almost exactly the ranking for the responsive sites.  
 
Relationships between Soybean Grain K Concentration, Isoflavones Content, and 
Yield 
The last section focused on the response of the variables studied to the different K 
treatments.  This section focuses on the study of relationships between them,  
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Table 12.  Potassium fertilization rates effects on grain and K yield and the concentration of 
K and isoflavones in grain at Kanawha. 
 
 Isoflavones concentration †
Year TRT ‡ Yield K uptake K conc TDein TGein TGlein Total 
  Mg ha-1 kg ha-1 % -------------- µg g-1 --------------- 
1999 C 3.19 49 1.55 629 718 211 1558 
 LK 3.69 58 1.56 642 759 175 1576 
 HK 3.82 65 1.69 625 776 168 1570 
  + * * ns ns + ns 
         
2001 C 2.93 46 1.56 575 776 179 1530 
 LK 3.05 51 1.66 648 840 189 1677 
 HK 3.25 57 1.75 657 830 184 1671 
  ns * * ns ns ns ns 
         
Means C 3.06 48 1.56 602 747 195 1544 
 LK 3.37 54 1.61 645 800 182 1627 
 HK 3.54 61 1.72 641 803 176 1621 
  ns * * ns ns ns ns 
ns and *; not significant or at least one K rate significantly different from the control at P = 0.05. 
† TDein, total Daidzein; TGein, total Genistein; TGlein, total Glycitein. 
‡ C, Control; LK, K fertilizer broadcast at 67 kg ha-1 year-1; HK, K fertilizer broadcast at 100 kg ha-1 
year-1. 
 
Table 13.  Potassium fertilization rates effects on the concentration of 12 isoflavones in grain 
at Kanawha. 
 
  Isoflavones concentration †
Year TRT‡ Din Gin Gly Mdin Mgin Mgly AcDin AcGin AcGly Dein Gein Glein 
  ------------------------------------------------- µg g-1 ------------------------------------------------- 
1999 C 267 380 77 802 828 115 54 41 107 31 25 38 
 LK 265 398 73 823 851 104 53 66 113 34 29 7 
 HK 290 432 71 791 860 100 49 69 113 21 19 4 
  ns ns ns ns ns ns ns ns ns ns ns ns 
              
2001 C 250 408 76 735 877 104 53 77 117 20 20 6 
 LK 254 409 75 870 1000 114 59 77 135 20 19 2 
 HK 254 400 72 881 987 110 56 77 133 25 23 2 
  ns ns ns ns ns ns ns ns ns ns ns * 
ns and *; not significant or at least one K rate significantly different from the control at P = 0.05. 
† Din, Daidzin; Gin, Genistin; Gly, Glycitin; Mdin, Malonyl daizin; Mgin, Malonyl genistin; MGly = 
Malonyl glycitin; AcDin, Acetyl daidzin; AcGin, Acetyl genistin; AcGly, Acetyl glycitin; Dein, Daidzein; 
Gein, Genistein; Glein, Glycitein. 
‡ C = Control; LK, K fertilizer broadcast at 67 kg ha-1 year-1; HK, K fertilizer broadcast at 100 kg ha-1 
year-1. 
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Figure 2.  Mean relative response to K of soybean grain yield, K uptake in grain (Kupt), and 
grain concentrations of K (Kconc), total Daidzein (TDein), total Genistein (TGein), total  
Glycitein (TGlein), and total isoflavones (Tisofl) across all sites, sites with yield response in 
some years (Bruner, two experiments at Kanawha, and Nashua), and sites without yield 
response (Lewis and Sutherland). 
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measurements across treatments, across years at each location and across all site-years.  
Of all possible relationships among measurements, those between the agronomic ones 
(grain yield, K concentration, and K uptake) are discussed in a first sub-section and those 
between isoflavones concentration and selected agronomic measurements are discussed in 
a second sub-section. 
Relationships between grain yield, K concentration, and K uptake. 
At the Kanawha trial of K placement (Fig. 3), the clearly responsive location for K 
concentration, K uptake, and yield, the grain K concentration was positively and linearly 
related with grain yield.  As expected because of this result, similar responses occurred 
between K concentration and K uptake and between K uptake and yield.  On the other hand, 
o the K rates trial in Kanawha, the only significant relationship occurred between K uptake 
and yield (Fig. 4).  In Nashua (Fig. 5), a site with consistent treatment effects on K 
concentration and uptake but not yield, the only significant relationship was a positive linear 
correlation between K concentration and K uptake, which matches a non-significant but 
positive relationship between yield and K uptake and not even a trend between yield and K 
concentration.  In Bruner, where K treatments increased K concentration and K uptake 
consistently but only occasionally yield, the relationships (Fig. 6) were similar to those at 
Kanawha.  There were positive and highly significant relationships between two out of three 
measurements.  The relationships between each of these three variables and STK are not 
shown because there was a trend of all three to increase with increasing STK (a reasonable 
result) but were statistically significant only at Bruner.  The scarce significant results are 
explained by few observations that were only for the non-fertilized plots at each site.  
Therefore, no strong relationships would be expected within each location because the STK 
range was small. 
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Figure 3.  Regression of yield with K concentration; yield with K uptake, and K uptake with K 
concentration at Kanawha. K Placement experiment. 
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Figure 4.  Regression of yield with K concentration; yield with K uptake, and K uptake with K 
concentration at Kanawha. K rates experiment. 
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Figure 5.  Regression of yield with K concentration; yield with K uptake, and K uptake with K 
concentration at Nashua. K placement experiment. 
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Figure 6.  Regression of yield with K concentration; yield with K uptake, and K uptake with K 
concentration at Bruner. K rates experiment. 
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As expected, relationships between these measurements seldom were significant for 
the mostly non-responsive sites Lewis and Sutherland.  At Lewis (Fig. 7), there was only a 
negative relationship between K concentration and yield.  However, there were fewer 
observations at this site compared with the other sites and this result should not be weighted 
too much.  In Sutherland (Fig. 8), there were no significant relationships between any of the 
agronomic factors.  This lack of relationships agrees with a lack of K effects on grain yield 
and K content due to high STK values at these sites. 
Figure 9 show relationships between grain yield, K concentration, and K uptake 
across all sites years.  Because of a lack of or weak relationships between these 
measurements at the two non-responsive locations, the relationships followed the positive 
and linear relationships observed for the responsive locations.  However, strong and clear 
relationships were observed only between yield and K uptake and between K concentration 
and K uptake.  The relationship between K concentration and yield had very large variability 
and was barely significant at P ≤ 0.1.  The relationships between each of these three 
measurements and STK across all sites were non-significant or very weak for reasons 
explained before and are not shown.  However, as expected, there were positive trends for 
all three measurements.  
The relationships across all sites indicate two important results.  One is that effects 
of K supply (both K fertilization and STK) on yield, K uptake into the plant, and perhaps re-
mobilization of K within the plant plus other largely unidentified factors greatly influence the 
K concentration in grain and a clear relationship between grain yield and K concentration 
across all conditions cannot be established with certainty.  The other is that in spite of these 
effects, there is a consistent positive and linear relationship between grain yield and K 
uptake in grain, which is very important for maintenance K fertilization.  The results in this 
study confirm the adequacy the average soybean grain K concentration being used in Iowa  
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Figure 7.  Regression of yield with K concentration; yield with K uptake, and K uptake with K 
concentration at Lewis. K placement experiment. 
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Figure 8.  Regression of yield with K concentration; yield with K uptake, and K uptake with K 
concentration at Sutherland. K placement experiment. 
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Figure 9.  Regression of yield with K concentration; yield with K uptake, and K uptake with K 
concentration at all locations and years. K placement and K rates experiments. 
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(Sawyer et al, 2002) for maintenance of optimum STK and the recommendation for 
adjusting maintenance K fertilization rates according to yield levels. 
Relationships between isoflavones concentration in grain and selected agronomic 
factors 
Previous sections identified differences between locations in relation to responses of 
grain K concentration, K uptake, and yield to K fertilizer and classification of some sites as 
responsive and others as no responsive.  The results of the study of relationships between 
isoflavone concentration in grain and selected other measurements are summarized 
accordingly. 
Figure 10 shows the results of a combined analysis for the two trials conducted at 
Kanawha.  The trends for relationships of isoflavones concentration and K concentration, K 
uptake, and yield are similar, although the level of statistical significance varied somewhat.  
The most important result is that the concentration in grain of two isoflavone groups (total 
daidzein, total genistein) and the total tended to decrease with increasing K concentration, K 
uptake, and yield while total glycitein did not change.  The decreasing trends were not 
always significant, however, although the relationship for total isoflavones tended to be the 
strongest.  From a strict statistical perspective, no isoflavone form was significantly 
correlated with grain K concentration, even at P ≤ 0.10).  The only significant relationships 
(negative and linear at P ≤ 0.05 or 0.10) were between total daidzein, total genistein, and 
total isoflavones with both yield and K uptake. 
In Nashua (Fig. 11), where there were consistent responses by K concentration and 
K uptake but inconsistent by yield, there were no clear general trends.  In sharp contrast 
with results at Kanawha, total daidzein, total genistein, and total isoflavones increased with 
increasing yield while (as in Kanawha) total glycitein did not change.  Total genistein and  
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Figure 10.  Regression of isoflavones with grain K concentration, with yield, and with K 
uptake at Kanawha. K placement and K rates experiments.  
TDein = Total Daidzein; TGein = Total Genistein;  
TGlein = Total Glycitein; Total = Total Isoflavones 
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Figure 11.  Regression of isoflavones with grain K concentration, with yield, and with K 
uptake at Nashua. K placement experiment.  
TDein = Total Daidzein; TGein = Total Genistein;  
TGlein = Total Glycitein; Total = Total Isoflavones 
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total isoflavones decreased with increasing K concentration (as in Kanawha) but total 
glycitein and total genistein did not change.  Finally, no isoflavone form or the total was 
related with K uptake. 
The relationships between isoflavone concentration and the other measurements for 
data from the Bruner site (Fig. 12) in general were positive and linear but very weak and 
only a few relationships achieved statistical significance.  This site had shown consistent 
responses from K concentration and K uptake but not from yield.  The clearest and 
supportable trend was that the total isoflavones concentration increased with increasing K 
concentration and yield, which was in contrast to results at the Kanawha sites and partially 
in agreement with results at Nashua.  
At the Lewis and Sutherland sites (which were classified as no responsive for K 
concentration, K uptake, and yield) the concentration in grain of all isoflavones declined 
linearly as the grain K concentration increased (Figs. 13 and 14) with the only exception of 
total glycitein that did not change.  These trends were significant at the P ≤ 0.05 or 0.10 
levels, and are in agreement with results at Kanawha and Nashua.  The concentration of 
these three forms increased with increasing yield at both sites, but increased with increasing 
K uptake only at Lewis.  
The relationships between isoflavones concentration in grain and STK for data from 
the individual locations were not significant even at the P ≤ 0.10 level and are not shown.  
This result was also found for the agronomic grain measurements and reasons were 
explained before (probably too few observations and samples only of non-fertilized plots). 
Study of relationships across all locations and years show no trends or significant 
relationships between isoflavones concentration and grain K concentration, yield, or K 
uptake (Fig. 15).  However, the study across sites showed that the isoflavones concentration 
increased with increasing STK, with the only exception of total glycitein.  This result was  
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Figure 12.  Regression of isoflavones with grain K concentration, with yield, and with K 
uptake at Bruner. K rates experiment.  
TDein = Total Daidzein; TGein = Total Genistein;  
TGlein = Total Glycitein; Total = Total Isoflavones 
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Figure 13. Regressions of isoflavones with grain K concentration, yield, and K uptake at  
Lewis. K placement experiment.  
TDein = Total Daidzein; TGein = Total Genistein;  
TGlein = Total Glycitein; Total = Total Isoflavones 
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Figure 14.  Regression of isoflavones with grain K concentration, with yield, and with K 
uptake at Sutherland. K placement experiment.  
TDein = Total Daidzein; TGein = Total Genistein;  
TGlein = Total Glycitein; Total = Total Isoflavones 
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Figure 15.  Regression of isoflavones with grain K concentration, with yield, and with soil-
test K across locations and years. K placement and K rates experiments.  
TDein = Total Daidzein; TGein = Total Genistein;  
TGlein = Total Glycitein; Total = Total Isoflavones 
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unexpected because the relationships between grain yield, K concentration and K uptake 
with STK across all sites were not significant or weak.  However, the results indicate that 
increasing STK up to levels slightly higher than optimum for soybean yield (up to about 245 
mg K kg-1, the highest value observed in the study) does increase total isoflavone 
concentration in soybean grain.  This result is in agreement with usually positive effects of K 
fertilization on total isoflavones at the low-testing sites.  
 
SUMMARY AND CONCLUSIONS 
Potassium fertilization did not increase (P ≤ 0.05) grain yield, K concentration, or 
isoflavones concentrations at the Lewis and Sutherland locations, where STK was above 
optimum levels for soybean.  Potassium fertilization increased grain K concentration and K 
uptake consistently but grain yield and isoflavones concentrations much less consistently in 
all other locations, where STK ranged from the Low to Optimum interpretation classes (91 to 
170 mg K kg-1).  It is important to remember that maintenance K fertilization based on crop K 
removal is recommended in Iowa for the Optimum.  There were no differences between 
broadcast and deep-band fertilization methods.  Higher K fertilizer rates (planned to 
maintain STK) tended to increase grain yield, K uptake, and isoflavones concentrations at 
the few trials that evaluated K fertilization rates (at Kanawha and Bruner locations).  On 
average across treatments at responsive sites, K fertilization increased K uptake 20%, yield 
11%, K concentration 10%, and total isoflavones 6%.  The isoflavones response to K was 
explained by response of total daidzein and total genistein because total glycitein never 
responded.  Analyses of results for 12 isoflavones forms indicated results in agreement with 
the three total forms.   
Relationships between isoflavones concentration and K concentration in soybean 
grain were consistent across sites with only one exception.  Analyses by location showed 
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that the concentration in grain of total daidzein, total genistein, and total isoflavones 
decreased with increasing grain K concentration at most sites, although with various 
degrees of statistical significance.  The only exception was the Bruner site where their 
concentrations increased slightly with increasing K concentration.  The reasons for results at 
Bruner are not clear, because this site was intermediate to the others in that K fertilization 
increased grain K concentration and uptake but not yield.  On the other hand, relationships 
between isoflavones concentration in grain and grain yield or K uptake were very 
inconsistent across sites and the reasons could not be identified.  The isoflavones 
concentration in grain increased, decreased, or were not related with grain yield within the 
group of locations classified as responsive or non-responsive for grain K concentration and 
uptake but increased at the two locations classified as non-responsive (Lewis and 
Sutherland).  The isoflavones concentration in grain increased, decreased, or (usually) was 
not related with grain K uptake.  Relationships between isoflavones concentration and STK 
within each location were non-significant or showed very weak increasing lineal trends, 
probably because few observations and samples were collected only from non-fertilized 
control plots. 
Study of relationships across all locations and years showed no significant 
relationships between isoflavones concentration in grain and grain yield, K concentration, or 
K uptake.  However, the isoflavones concentration in grain increased with increasing STK 
with the only exception of total glycitein.  This result was unexpected because the 
relationships between grain yield, K concentration and K uptake with STK across all sites 
were not significant or positive but very weak.  However, the results did indicate that 
increasing STK up to levels slightly higher than optimum for soybean yield increased total 
isoflavones concentration in grain.  This result is in agreement with usually positive effects of 
K fertilization on total isoflavones at low-testing sites. 
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Overall, relationships across all sites indicate three important results.  One is that 
effects of K supply (both K fertilization and STK) on yield, K uptake into the plant, and 
perhaps re-mobilization of K within the plant plus other largely unidentified factors greatly 
influence the K concentration in grain and a clear relationship between grain yield and K 
concentration across all conditions cannot be established with certainty.  A second result is 
that in spite of these effects, there is a consistent positive and linear relationship between 
grain yield and K uptake in grain, which is very important for maintenance K fertilization and 
confirms the adequacy of current Iowa recommendation for adjusting the K rate according to 
yield levels using an average K concentration value.  Finally, K fertilization of soils testing 
Low or Optimum increased grain K concentration and uptake consistently and increased 
grain yield and isoflavones concentration less consistently while did not affect these 
measurements in high-testing soils.  These effects explained a positive relationship between 
isoflavones concentrations and STK across all location.  However, relationships within and 
across locations indicated that the concentration of isoflavones in grain decreased or was 
unrelated with grain K concentration. 
Therefore, it is concluded that usual fertilizer recommendations to increase yield in 
low-testing soils will also increase isoflavones concentration, that fertilization of high testing 
soils will not increase yield or isoflavones concentrations, and that analysis of grain samples 
for K concentration is not a good index of potential effects of K fertilization on isoflavones 
concentration in soybean grain. 
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CHAPTER 3. GENERAL CONCLUSIONS 
Potassium fertilization increased grain K concentration and K uptake consistently but 
grain yield and isoflavones concentrations much less consistently in the responsive 
locations, where STK ranged from the Low to Optimum categories.  Potassium fertilization 
did not increase grain yield, K concentration, or isoflavones concentrations at non-
responsive locations, where STK was above optimum levels for soybean.   
Higher K fertilizer rates tended to increase grain yield, K uptake, and isoflavones 
concentrations at the trials that evaluated K fertilization rates.  Analyses by location showed 
that the concentration in grain of total daidzein, total genistein, and total isoflavones 
decreased with increasing grain K concentration at most sites, although with various 
degrees of statistical significance.  On the other hand, relationships between isoflavones 
concentration in grain and grain yield or K uptake were very inconsistent across sites.   
Study of relationships across all locations and years showed no significant 
relationships between isoflavones concentration in grain and grain yield, K concentration, or 
K uptake.  However, the isoflavones concentration in grain increased with increasing STK 
with the only exception of total glycitein.   
The K supply on yield, K uptake plus other unidentified factors greatly influence the K 
concentration in grain and a clear relationship between grain yield and K concentration 
across all conditions cannot be established with certainty.  In spite of these effects, there 
was a consistent positive and linear relationship between grain yield and K uptake in grain. 
Finally, K fertilization of soils testing low or optimum increased grain K concentration and 
uptake consistently and increased grain yield and isoflavones concentration less 
consistently while did not affect these measurements in high-testing soils.  These effects 
explained a positive relationship between isoflavones concentrations and STK across all 
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locations.  However, relationships within and across locations indicated that the 
concentration of isoflavones in grain decreased or was unrelated with grain K concentration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 63
ACKNOWLEDGMENTS 
 
I would like to express my gratitude to the institutions and people that contributed in 
the achievement of my doctoral program at Iowa State.    
First of all, I would like to thank Colegio de Postgraduados en Ciencias Agrícolas 
(CP), Consejo Nacional de Ciencia y Tecnología (CONACyT) and the Iowa State University 
(ISU) Agronomy Department.  The financial support received from each of these institutions 
made possible the accomplishment of my goal at ISU.  
I want to specially thank Dr. Antonio P. Mallarino, my co-major professor, for his 
exceptional support, encouragement, patience and guidance during the realization of this 
work.  His participation in my committee is greatly appreciated. 
My gratitude goes equally to Dr. Ricardo J. Salvador, my co-major professor, who 
accepted me as one of his many students and for his constant support throughout my 
program. 
Many thanks to Drs. Susana Goggi, Allen D. Knapp and Philip W. Becraft, for serving 
as my committee members as well as for their contribution to this dissertation. 
Special thanks to Dr. Mazhar Ul Haq and Brett L. Allen for their constant willingness 
to help specially with computer programs management; to Mr. Louis Thompson for his help 
with the field data; to all the former and actual teammates of the “Mallarino’s group”: Manuel 
Bermudez, Jorge Sawchik, Mónica Barbazán, Pedro Barbagelata, Sebastian Barcos, 
Matthew Clover, Daniel Kaiser, Jacob Prater, Natalia Rogosvka and Gaylia Ostermeier, for 
their friendship.  To the “Rain simulation hourly team” of 2003-2004, Abhijeet Patil, Gema 
Grau, Sebastian Barcos, and Gerardo Rodriguez, for the great memories and friendship. 
My appreciation goes also to Dr. Moti Segal, for his practical advice during the 
writing phase and his constant interest in my advances.  Thanks so much to Jaci Severson 
 64
for her professionalism and permanent will and kindness when helping the agronomy 
students at the Teaching Office.   
I express my gratitude to Drs. Leobigildo Cordova, Amalio Santacruz, Baldomero 
Alarcón and M.Sc. Agustin Bianchini for their support in particular during the first year of my 
program.  My heartfelt thanks to Drs. Higinio López and Pedro Antonio López, for their 
solidarity and support particularly during the rough times.  I will never forget that day of 
January 2003 when you two went to pick me up at Nevada, Iowa.  Thanks to Dr. Enrique 
Ortiz, for his assistance in the formatting of some of the tables and figures of this work and 
for bringing “the table” the day of my dissertation defense.  To my other friends at ISU, 
Ignacio Carranza, Oswaldo Taboada, Ramón Molina, and Antonio Villanueva, thanks to all 
of you and your families for all the great moments shared together.   
Before and during my stay at ISU I received the aid of many people, through the CP 
and in personal ways.  Some of them are, Drs. Abel Muñoz, Néstor Estrella, Benito Ramirez, 
Filemón Parra, Francisco Gavi, Antonio Macias, Alfonso Macias, Benjamin Peña, Hilario 
Hernández, Abel Gil, Juan Contreras and M.Sc. Yadira Bock.  The following people 
represented me before the CP while I was absent: Mrs. Consuelo Montiel, Mrs. Catalina and 
Mr. Antonio Segura and Mrs. Juana Ma. López Fuentes.  I would like to extend my sincere 
thanks to all of you. 
Special thanks to my son Mario Obed, for the long hours spent doing several 
regression graphs and the individual ones of the figure 1.  I am grateful with him and with my 
children Elizabeth and Abraham for helping in different times and subjects.  
 
 
 
 
 
